Abstract -Aims: To examine the association between work characteristics and the risk of alcohol dependence across different employment types and occupations, including the pattern of alcohol consumption in the form of energy drinks and its association with alcohol dependence. Methods: A total of 13,501 men and 8584 women participated in a national survey in Taiwan. Alcohol dependence was defined as ≥2 points in the CAGE questionnaire. A self-administered questionnaire recorded drinking behaviors, consumption of alcoholic energy drinks, employment type, occupation and a number of psychosocial work stressors, namely job demands, job control, employment security and workplace justice. Results: Of the total, 9.4% of men and 0.8% of women were CAGE-positive, and 6.0% of men and 0.7% of women regularly consumed alcoholic energy drinks. In male and female regular consumers of alcoholic energy drinks, 38.7 and 23.3%, respectively, were alcohol-dependent. Multivariate regression analyses showed that male employees in manual skilled occupations, with lower workplace justice, having weekly working hours <40 h and on piece-rated or time-based pay systems were at higher risks of alcohol dependence. Conclusion: Certain occupational groups and workers with adverse psychosocial work characteristics should be targets for prevention of alcohol dependence. Alcoholic energy drink consumption should be taken into consideration while studying alcohol dependence in the work population in Taiwan.
INTRODUCTION
Alcohol use in the workplace is an important safety issue (Stallones and Kraus, 1993; Webb et al., 1994) . In the 1970s, alcohol dependence was often viewed as a personal problem, and accordingly, 'employee assistance programs (EAPs)' were designed to provide treatment and support for affected employees. Most EAPs took an individual approach with strategies such as early identification, counseling, referral to specialty treatment and/or behavioral interventions (Merrick et al., 2007) . In recent years, however, epidemiologists have turned attention to the effects of adverse work characteristics on alcohol dependence.
Findings from epidemiologic studies indicated that a number of psychosocial work characteristics were associated with increased risks of alcohol use problems, including job strain (Kawakami et al., 1993; Crum et al., 1995; Ragland et al., 1995; San Jose et al., 2000; Kouvonen et al., 2005; Hiro et al., 2007) , effort-reward imbalance (Head et al., 2004; Kouvonen et al., 2005) , low workplace justice (Kouvonen et al., 2008) and low workplace support (Kawakami et al., 1993; San Jose et al., 2000; Hiro et al., 2007) . However, the associations of the risk of alcohol use problems with work characteristics beyond task-level, such as type of employment contract, type of pay system, work climate, workplace justice etc., have rarely been studied (Siegrist and Rodel, 2006) . Furthermore, most studies had used the frequency and quantity of alcohol consumption as proxies for alcohol problems (Romelsjo et al., 1992; San Jose et al., 2000; Hiro et al., 2007; Kouvonen et al., 2005 Kouvonen et al., , 2008 . Only a few studies have adopted well-validated and internationally consistent measurement tools for the detection of alcohol-use disorders Muntaner et al., 1995; Head et al., 2004) .
In Taiwan, a population-based survey conducted in 1982-1985 revealed life-time prevalence rates of alcohol dependence of 3.2% in men and 0.2% in women, according to the DSM-III criteria (Helzer et al., 1990) . Another study conducted in 1993 among patients of a primary care setting reported a lifetime prevalence of alcohol-use disorders of 11.1% (Kuo, 2005) . While several recent studies have been conducted to investigate the contribution of biomedical, genetic and behavioral factors to the risk of alcohol dependence (Chen and Yin, 2008; Chen et al., 2009) , the prevalence and distribution of alcohol dependence as well as its association with work characteristics have rarely been studied and reported in the general population of Taiwan (Yang, 2002) .
Alcohol consumption in the form of energy drink deserves special attention. In the USA, the surge in energy drink consumption in recent years has raised public health concerns, mainly because of the high levels of caffeine (Arria and O'Brien, 2011) . In addition to the potential adverse effects from caffeine intoxication, the risk of alcohol use problems associated with energy drinks have also been cautioned, since energy drink users tended to consume more alcohol and were at a higher risk of alcohol dependence Velazquez et al., 2011) . Several mechanisms are plausible to explain the link between energy drinks and alcohol consumption. For instance, the use of energy drinks was found to alter sleeping patterns, change neurobehavioral responses to alcohol and alleviate symptoms of alcohol intoxication (Ferreira et al., 2006; O'Brien et al., 2008; Reissig et al., 2009; . A recent survey conducted in an American university also found that mixing energy drinks with alcohol was common-15% of the surveyed students had consumed energy drinks mixed with alcohol in the past month (Velazquez et al., in press) .
While public health professionals in Western countries have warned of the danger of mixing energy drinks with alcohol (Arria and O'Brien, 2011) , in Taiwan, alcohol is directly added into some popular brands of energy drinks.
The best-sellers of such drinks are Whisbi and Paolyta B, both contain 300 mg of caffeine and 48 g of alcohol (10%) per bottle of 600 ml, in addition to other additives such as amino acids, vitamin B and Chinese herb extracts. In other words, a weekly consumption of 3.5 bottles of such drinks in men (or 1.75 bottles for women) will meet the definition of risky drinking behavior according to the National Institute on Alcohol Abuse and Alcoholism of the USA (Fiellin et al., 2000) . Informal market surveys in Taiwan indicated that the sales of all types of energy drinks have grown rapidly in recent years. In contrast to some Western countries where alcoholic energy drinks are marketed to young adults (Berger et al., 2011) , in Taiwan alcoholic energy drinks are marketed as nutritional supplements which could combat drowsiness and fatigue at work, and manual workers targeted.
The Food and Drug Administration of Taiwan approved registration of these alcoholic energy drinks as 'medicine' because of their vitamin and caffeine ingredients. According to Taiwan's Pharmacy Law, the sales of such drinks are restricted to pharmacies, and warning labels are required on containers and advertisement. However, in practice, these drinks are readily available at betel nut stands on the streets, and are sold at a lower price than most of the other alcohol beverages of similar alcohol strength.
Some reports published in Chinese showed that energy drinks were popular among construction workers and truck drivers in Taiwan. However, there has been no report concerning the consumption of alcohol-containing energy drinks and its associated risk in the general working people. While some may argue that energy drinks or other stimulants could help remove drowsiness and thus prevent accidents, energy drinks that contain high levels of alcohol indeed constitute a significant alcohol-related risk, especially when consumed in the workplace. Randomized controlled trials revealed that the ingestion of energy drink did not reduce the cognitive and behavioral dysfunctions caused by alcohol, including impaired motor coordination, visual reaction time, and language and driving performance (Ferreira et al., 2006; Curry and Stasio, 2009; Howland et al., 2011) . In Western countries, studies on this topic have been conducted mainly in college students or young adults. To our knowledge, the prevalence and social pattern of alcohol drinking in the form of energy drink in the general working population have not been systematically investigated.
There were two aims in this study: first, to examine the prevalence of alcohol dependence and its associations with type of occupation, employment grade and psychosocial work characteristics; second, to examine the prevalence of regular consumption of alcoholic energy drink and its associations with work conditions in the general working population of Taiwan.
METHODS

Study population and procedures
The Council of Labour Affairs of Taiwan has conducted nationwide surveys of the working population every 3-5 years since 1988, to understand safety and health issues in the workplace. Subjects who were not economically active (such as students, homemakers, disabled people, retirees, the unemployed, etc.) were not eligible for the survey. Subjects for this study were participants of the survey conducted in September 2007. Participants were selected through a twostage random sampling process. In the first stage, all districts and villages throughout Taiwan were grouped into strata according to their levels of urbanization. A random sample of districts and villages was chosen from each stratum. In the second stage, a random sample of households was selected within each district or village, and residents of the sampled households who were currently working at the time of survey were identified and invited to participate. More detailed information with regard to the sampling scheme can be found elsewhere (Cheng et al., 2005; Yeh et al., 2009) .
Self-administered questionnaires were delivered to the selected households by trained interviewers. After 1 week, completed questionnaires were collected and on-site checking was performed by the same interviewer. A total of 28,716 subjects were sampled, including 22,476 employees and 6240 employers and self-employed workers combined. Among the employees, 19,329 subjects completed and returned questionnaires, with a response rate of 86%; among the employers and self-employed workers, 5667 subjects completed the questionnaires, with a response rate of 91%. In this study, we excluded subjects who were aged younger than 25 or older than 65 years, based on the consideration that workers in these age groups were more likely to be in a transitional stage and their working conditions might not be stable or causally relevant to their drinking behaviors. This resulted in a combined sample of 13,501 men and 8584 women (n = 22, 085).
Measures for alcohol use behaviors
Alcohol dependence was measured by the Chinese version of CAGE questionnaire (C-CAGE) which contains four questions: (a) Have you ever failed to control the amount of your drinking beyond your original intention; (b) Have your friends or family members ever tried to persuade you to drink less for your own good; (c) Have you ever felt bad or guilty about your drinking and (d) Have you ever had to have a drink first in the morning to steady your nerves or get rid of a hangover (Kuo et al., 1999) . The four CAGE questions were originally developed by Ewing; CAGE is the abbreviation of Cut down, Annoyed, Guilty and Eye opener (Ewing, 1984) . The responses were binary (yes/no) with each positive response given a score of one. Previous studies indicated that the CAGE cutoff of two or more had a sensitivity of~84-91% and a specificity~77-96% for identifying alcohol dependence (Mayfield et al., 1974; Ewing, 1984; do Amaral and Malbergier, 2008) , thus a cutoff of two or more positive responses (CAGE ≥2) was also used in this study to define the existence of alcohol dependence. The Chinese version of these questionnaire items were found to be equivalent to the English originals and has been proved to have good validity and reliability with a sensitivity of 77.3% and a specificity of 68.8% for detecting alcohol-use disorders in workplace screening (Kuo et al., 1999) .
Subjects were asked if they consumed energy drinks on a regular basis, defined as a frequency of more than once per week. For subjects who answered yes, they were asked further if their energy drinks contained alcohol, how many bottles per week they drank, and whether they drank energy drinks right before work or during working hours. In the questionnaire, types of energy drinks were divided into four categories: drinks containing >0.5% alcohol, drink containing <0.5% alcohol, alcohol-free drinks and drinks with unknown content. Subjects were asked to mark any type of energy drinks they consumed. In this study, we re-categorized all subjects into four mutually exclusive groups: (a) subjects with no consumption of any energy drink; (b) subjects who consumed energy drinks that contain no alcohol or <0.5% of alcohol; (c) subjects who consumed energy drinks with alcohol content >0.5% and (d) subjects who consumed energy drinks with unknown content of alcohol or with missing data on these items. Subjects who consumed both alcoholic and non-alcoholic energy drinks were categorized into the alcoholic energy drink group.
Measures for work characteristics
In this study, the following work characteristics were selected for investigation: type of occupation, working hours, work shift, job demands, job control, pay system, employment insecurity and workplace justice.
Information on occupations was based on self-reported job titles. Employers and the self-employed were classified into one group, and employees were classified in the following six categories-Grade 1: administrators and managers; Grade 2: professionals; Grade 3: non-manual skilled; Grade 4: nonmanual low-skilled; Grade 5: manual skilled; Grade 6: manual low-skilled.
The average working hours per week were measured by adding up all working hours during the week prior to the day of survey. Shift work was measured by asking the subject if he/she was working shifts during the same time period.
Items of the Chinese version of Karasek's Job Content Questionnaire (JCQ) were included in the questionnaire, which included nine items for the job control scale (learning new things, non-repetitive work, creative work, allowing own decision, high level of skills, freedom to make decision, various tasks, influential opinions and develop one's abilities) and seven items for psychological job demands (fast work, hard work, excessive work, insufficient time, concentrate on job for long time, hectic work and insufficient manpower) (Karasek et al., 1998) . The JCQ is based on the Demand-Control model, which postulates that high demands and low job control at work will lead to a higher risk of stress-related health problems. Information regarding the psychosocial properties of the C-JCQ can be found elsewhere (Cheng et al., 2003) .
In the questionnaire, pay systems were classified into three broad categories: (a) fixed monthly salary, which included only a fixed monthly pay and/or all kinds of fixed allowances; (b) performance-based pay, which included a monthly basic salary along with additional pay contingent upon the performance of individual worker, work unit or organization and (c) piece-rated or time-based pay without any basic pay (i.e. on a no-work-no-pay basis). Performance-based pay with a basic salary and piece-rate pay without a basic salary were differentiated in this study, even though the operation of piece-rate pay is also a form of performance-based pay.
Six items for the assessment of perceived employment insecurity and nine items for workplace justice were included.
For the employment insecurity scale, two items ( job security is good and career prospects are good) were adopted from JCQ, and four items were modified from the Copenhagen Psychosocial Questionnaire (Kristensen et al., 2005; Pejtersen et al., 2010) . The nine-item workplace justice scale consists of three items for distributive justice, two items for procedural justice, two items for informational justice and two items for interpersonal justice (Donovan et al., 1998; Colquitt, 2001; Inoue et al., 2009) . The full statements, calculation formula as well as the psychometric properties of the two scales can be found elsewhere (Cheng et al., 2011) . Data on pay systems and workplace justice were available only for employees.
Other information such as age, gender, smoking behaviors, self-reported health status (one item) and insomnia problems were also obtained by questionnaire.
Statistical analysis
The prevalence of alcohol dependence (CAGE ≥2) was examined by age, educational attainment, employment categories, as well as work characteristics.
Work characteristics, smoking behaviors, self-reported health status, insomnia and energy drinks consumption were compared according to the presence of CAGE-positive, and their differences were tested with χ 2 test (for categorical dependent variables) and analysis of variance test (for continuous dependent variables). Because descriptive analyses found a low prevalence of alcohol dependence among women, further analyses were restricted to men.
Multivariate logistic regression models were applied to investigate the associations between work characteristics and risk of alcohol dependence in male employees. Employers and self-employed workers were excluded due to the lack of certain work-related variables. The scores of job control, job demands and workplace justice were ranked and divided into tertiles (low, medium and high) while scores of job insecurity was dichotomized (low and high). The associations between work characteristics and the consumption of alcoholic energy drink were also examined with multivariate logistic regression models. All statistical analyses were performed with SAS software version 9.2.
RESULTS
Characteristics and the prevalence of alcohol dependence among study subjects Demographic and work characteristics and the overall prevalence of alcohol dependence stratified by gender were summarized in Table 1 . The overall prevalence of alcohol dependence was much higher in men (9.4%) than in women (0.8%). Men also had higher consumption of alcoholic energy drinks than women. Table 2 presents the prevalence of alcohol dependence and the consumption of alcoholic energy drinks by age group and by type of employment in men. As shown in Table 2 , alcohol dependence and alcoholic energy drink use were more common among the middle-aged men. Alcohol dependence was also found to be more prevalent in employers of smaller-sized enterprises with number of employees below 30 (11.8%). Among the employees, manual skilled workers (Grade 5) had higher prevalence of alcohol dependence (16.8%) than other employment categories. Certain types of occupational groups had a higher risk for alcohol dependence: construction workers & miners (20.3%), chief executives and elected representatives (20%), physical labors such as movers and packers (15.8%) and journalists and artists (15.4%).
Consumption of alcoholic energy drinks
As shown in Table 2 , only a small proportion of male workers consumed alcoholic energy drinks on a regular basis. However, in certain occupational groups, the prevalence was relatively high, such as constructors (21.9%), movers, packers (17.8%) and fishermen and farmers (14.4%).
We further divided all subjects into three categories according to the type of energy drink consumption. As shown in Table 3 , male workers who consumed alcoholic energy drinks at least one bottle per week were at a higher risk for alcohol dependence (38.7%) compared with those who did not use any energy drink (7.3%). Despite the low prevalence of alcohol dependence in women, the risk was high among regular users of alcoholic energy drinks (23.3%), compared with women who did not use any energy drink (0.5%).
Among male workers who consumed alcoholic energy drinks regularly, 60.0% reported taking such drinks right before work or at work. Among male workers who took non-alcoholic or low-alcohol content energy drinks, 66.8% took them right before work or during work hours (data not shown).
Work characteristics and health status among men with/without alcohol dependence Compared with those without alcohol dependence, alcoholdependent male workers had significantly higher scores in job demands, lower scores in workplace justice, and higher scores in employment insecurity (Table 4) . Furthermore, workers with alcohol dependence were significantly more likely to be on jobs with piece-rated or time-based pay systems, and had significantly poor self-rated health. Also, of those with alcohol dependence, 24.7% were regular consumers of alcoholic energy drinks, while among those who were free of alcohol dependence, only 4.1% were regular users of alcoholic energy drinks.
Work characteristics in association with alcohol dependence and consumption of alcoholic energy drinks Table 5 presents the results of multivariate logistic regression analyses of work characteristics on alcohol dependence and consumption of alcoholic energy drinks, respectively, in male employees.
Middle-aged workers and workers in manual skilled occupations (Grade 5) had higher rates of alcohol dependence. After adjusting for age and employment grade, it was found that working hours less than 40 h per week, higher job demands, lower workplace justice, and piece-rated or timebased pay systems were associated with alcohol dependence. On the other hand, work variables that were associated with increased use of alcoholic energy drinks were manual skilled occupations (Grade 5), working hours <40 h or longer than 49 h, lower job control and being on piece-rated or time-based pay systems.
DISCUSSION
We found that alcohol dependence, defined as ≥2 on CAGE, was more prevalent in men than in women, and in employers of small-sized enterprises than in the self-employed and employees. Among male employees, certain occupational groups (including construction workers, chief executives and elected representatives and labors) and some psychosocial work characteristics (including lower workplace justice, working hours <40 h per week, higher job demands and piece-rated or time-based pay systems) had higher rates of alcohol dependence. Furthermore, alcohol dependence was prevalent among those who consumed alcoholic energy drinks on a regular basis. Gender difference in rate of alcohol dependence found in this study was in concordance with previous surveys in Taiwan already mentioned (Helzer et al., 1990; Cheng and Chen, 1995; Kuo, 2005) . Our findings were also consistent with studies in other countries in which CAGE was used to detect alcohol dependence in the general population; the prevalence of CAGE ≥2 was in the range of 9-19% for men, and 2-14% for women (Head et al., 2004; Larsen et al., 2010; Etter and Gmel, 2011; David Batty et al., 2012) .
Our finding that male employers of smaller enterprises as well as chief managers had a higher prevalence of alcohol dependence was somewhat unexpected, but it might be explained by business culture in Taiwan, which often involves alcohol drinking in business settings. On the other hand, higher risks of alcohol use problems in construction workers, miners, journalists, media workers, entertainers and artists were consistent with previous findings (Mandell et al., 1992; Macdonald et al., 1999) : Mandell et al. reporting a prevalence of alcohol dependence and abuse of 25% in construction workers, and of 16% in transportation workers. International comparisons should, of course, be interpreted with caution, because of the differences in occupation classification systems and in socio-demographic compositions of working groups across countries.
In the present study, employees who reported having lower levels of workplace justice level were found to have a higher risk for alcohol dependence. This finding echoes that from previous studies, in which lower workplace justice was associated with various stress-related health problems as well as alcohol use problems (Cheng et al., 2005 (Cheng et al., , 2011 Kouvonen et al., 2008; Yeh et al., 2009; Szosland, 2010) . Our findings were also consistent with studies which found that piece-rated pay systems were associated with increased risks of stress-related health problems (Yeh et al., 2009) . With regard to the risk of alcohol dependence in relation to working hours, workloads, we found that workers with higher job demands and workers with average working hours <40 h per week were both at higher risk for alcohol dependence. While long work hours are well known to contribute to heavy workloads and high stress at work, people with working hours below normal are likely to be exposed to another type of work stress. Workers in Taiwan put longer hours in work than their Western counterparts-in 2007, the average working hours per week were 43.7 h per week in workers of manufacturing sectors and 41.0 h per week in service workers. Official reports indicated that workers with working hours <40 h per week were more likely to be involuntary part-time workers or temporary workers on precarious employment conditions. While the positive associations between heavy workloads and increased risk of drinking problems have been well documented (Romelsjo et al., 1992; San Jose et al., 2000) , the effects of precarious employment on psychological health deserve more attention.
The associations between adverse work conditions and increased risk of alcohol dependence could be explained by either social selection or social causation or both. Social selection means that workers with alcohol dependence problems drift downward to less favorable work conditions, while the social causation explanation views adverse working conditions as stressors and increased alcohol consumption as a behavioral coping response to work stress (Siegrist and Rodel, 2006) . On the organizational level, work culture, behavioural norms in the workplace, as well as the access to alcoholic beverages may act as confounding or mediating factors in the associations between work characteristics and risk of drinking problems (Lehman and Bennett, 2002; Wilhelm et al., 2004) . It is especially the case among construction workers and manual laborers in Taiwan, who have been targeted consumers of alcoholic energy drinks.
In our study, over 20% of construction workers were found to use alcoholic energy drinks on a regular basis. Similar results can be found in unpublished or locally published studies, which reported high prevalence of regular consumption of alcoholic energy drinks among wharf men (32.5%), construction workers (28.6%) and aboriginal people. Previous studies also reported that workers had very low awareness about the potential risks of such beverages, despite warning labels on containers. The perception that such energy drinks could help removing tiredness seems to be commonly accepted especially among blue collar workers. In Western countries, concerns about mixing energy drinks with alcohol have centered on alcohol-related consequences in college students and young adults, such as sexual assaults or driving while intoxicated (O'Brien et al., 2008; Arria and O'Brien, 2011) . In Taiwan, however, we are concerned about the danger of alcoholic energy drink consumption in the workplace. It is alarming to find that 60% of workers consuming these drinks did so right before work or during work hours. These findings suggested that alcoholic energy drinks in the workplace might have been rationalized as a stimulant to improve work performance, and their potential impacts on workplace safety and workers' health being overlooked.
Previous studies indicated that energy drink consumption was strongly associated with an increased risk for alcohol dependence . Our findings were consistent with that, although causal inference is impossible due to the cross-sectional nature of our study.
Strengths of this study include the large sample size, the representative study population encompassing not only employees but also employers and the self-employed, and the use of a validated measure for the assessment of alcohol dependence. However, there are some limitations. First, the cross-sectional nature of this study limits the causal interpretation. It is possible that alcohol-dependent people present deviant behaviors or personalities that prevent them from finding better jobs. Alcohol dependence and/or co-morbid diseases may be therefore a cause, rather than a consequence of adverse work characteristics i.e. have prevented them from being selected into better quality jobs. Nevertheless, our findings still have public health importance in pointing out high-risk populations. Finally, although the CAGE questionnaire has been found to be a sensitive tool for the detection of alcohol use disorders and widely used in many countries, cases of alcohol dependence were yet to be confirmed through psychiatric diagnostic interviews. Further researches are needed to explore why alcoholic energy drinks were popular in certain occupations, to delineate the temporal relationship linking energy drink use to the development of alcohol dependence, and to understand the behavioral and biological mechanisms of the health effects of alcoholic energy drinks.
Findings of this study showed that alcohol dependence was prevalent among certain occupations and was associated with adverse psychosocial work characteristics in Taiwan. Workers who regularly consumed alcoholic energy drinks were found to have high risk for alcohol dependence and should be targeted for the prevention of alcohol dependence in the workplace.
